East Asian students regularly take top positions in international league tables of educational performance. Using internationally comparable student-level data, I estimate how family background and schooling policies affect student performance in five high-performing East Asian economies. Family background is a strong predictor of student performance in Korea and Singapore, while Hong Kong and Thailand achieve more equalized outcomes. There is no evidence that smaller classes improve student performance in East Asia. But other schooling policies such as school autonomy over salaries and regular homework assignments are related to higher student performance in several of the considered countries.
INTRODUCTION
East Asian students repeatedly take top places in international comparative studies of cognitive achievement. For example, the first four places of the 39 countries participating in the middle-school math test of the 1995 Third International Mathematics and Science Study (TIMSS) are taken up by Singapore, Korea, Japan and Hong Kong. This extraordinary performance of East Asian countries had already been evident in earlier cross-country studies, and it has been repeated in subsequent ones. 1 The lead of East Asian students is generally especially large in advanced open-ended questions that require transfer and application of basic knowledge to less familiar real-world tasks (Beaton et al., 1996, pp. 57-98) . The broad set of capabilities of Asian students has also been verified in cross-national psychological studies in Asian and American metropolitan areas. Stevenson (1992, p. 32) summarizes this research by stating that 'contrary to popular stereotypes the high levels of achievement in Asian schools are not the result of rote learning and repeated drilling by overburdened, tense youngsters. Children are motivated to learn; teaching is innovative and interesting. ' How have the high-performing East Asian economies achieved this high educational performance, and how can they sustain the quality of their knowledge foundation for their future development into skill-based economies? Outside the United States, in-depth evidence on the impact of family background and school policies in educational production is very limited (Hanushek, 2002, pp. 3-4, 43-45) . To my knowledge, recent comparable evidence does not exist for East Asian countries. 2 This paper starts to provide such evidence by estimating the impact of family background, schooling resources and other educational policies on student performance in five East Asian countries.
The evidence is based on student-level micro data from TIMSS, combining performance information with abundant data on students' and schools' backgrounds (Section 2). The TIMSS database allows to estimate education production functions in Hong Kong, Japan, Korea, 3 Singapore and Thailand. Furthermore, the data and thus the estimated effects are directly comparable across these countries, as well as to countries in America and Europe.
The empirical analysis starts by estimating the impact of family background on students' educational performance (Section 3). The research question is to what extent the different school systems provide equal educational opportunities for children from different family backgrounds. For example, the strong priority placed on education in Korea since its earliest days stems largely from the desire to put 'smallholders on an equal educational footing with the owners of larger farms -which was an important aspect of avoiding polarization in the countryside and of enabling migrants from the countryside to adapt relatively easily to urban and industrial life' (Ward and Richardson, 2002, p. 17) . The results of this paper suggest that the Korean rural-urban performance difference is indeed 1. Middle-school Japanese children performed second in math and first in science in the first studies of the International Association for the Evaluation of Educational Achievement (IEA), conducted in 1964 and 1971. The two East Asian countries participating in the 2000 OECD Programme for International Student Assessment ( PISA), Japan and Korea, took the first two places in math and science among the 31 participants. 2. A notable earlier exception is Jimenez et al.'s (1988) comparison of private and public schools in Thailand based on data from the Second International Mathematics Study. 3. Whenever referring to Korea in this paper, this refers to the Republic of Korea (South Korea). relatively small. But social background has much stronger effects on student performance in Korea (and Singapore) than in Hong Kong and Thailand.
Several East Asian countries have raised the resource endowments of schools, in particular by lowering class sizes (Gundlach and Wömann 2001, pp. 409-410; Wrigley and Richardson, 2001, p. 20) . Section 4 analyzes the impact of several resources on students' academic skills. In particular, schoolfixed-effects instrumental-variables estimation which exploits the multigrade structure of the TIMSS sampling design to identify causal effects suggests that class size does not have a noteworthy causal effect on student performance in Japan and Singapore, the two countries where the data allow a meaningful assessment. In these two countries, large positive effects of school autonomy in salary decisions are found (Section 5), which may address the general concern in the region 'that the government's administration of schools . . . is cumbersome, centralized and resistant to change' (Economist, 1997) . 4 It should be noted that the evidence presented here allows answers to questions of within-country variations in student performance. Questions of cross-country variation are best addressed in cross-country estimations using the entire international dataset (e.g., Lee and Barro, 2001; Wömann, 2003a) . By contrast, the evidence in this paper can reveal the importance of different sets of influence factors for the performance variation within each country. It also allows for a comparison of the size of these effects across countries. Allowing for cross-country effect heterogeneity, the provided evidence helps to understand better how the specific East Asian countries achieve their high educational standards.
THE DATABASE
The database used to estimate education production functions for the five East Asian countries draws from a large-scale cross-country comparative test of student achievement, the Third International Mathematics and Science Study (TIMSS). 5 It combines individual student-level performance data with information from student, teacher and school-principal background questionnaires for nationally representative samples of students in each of the countries. TIMSS was conducted in 1995 under the auspices of the International Association for the Evaluation of Educational Achievement (IEA), an independent cooperation of national research institutes and governmental research agencies. The target population of middle school students was defined as those students enrolled in the two adjacent grades that contained the largest proportion of 13-year-old students at the time of testing. These are the first two grades of secondary school in all East Asian countries dealt with in this paper, representing the seventh and eighth year of formal education in all the countries. Each country drew a random sample of schools. Within each school, generally one class was randomly chosen from each of the two grades and all of its students were tested, yielding a representative sample of students within each country. 6 The number of sampled schools that participated in the TIMSS test in each country is about 150, with the exception of Hong Kong, where it is 86. The sampling procedure yielded a sample size between 5,827 students in Korea and 11, 643 students in Thailand. 7 Student performance in math was measured using an international achievement scale with scores having an international mean of 500 and an international standard deviation of 100. Students from Hong Kong, Japan, Korea and Singapore excelled on the test, with mean performance between 575.8 and 622.3. Also the performance of Thai students was still above the international average at 508.3. The variation in performance as indicated by the standard deviation of test scores in each country was relatively low in Thailand (both in absolute terms and relative to mean performance), and it was relatively high in Korea and Hong Kong. The performance data are merged with the specific background data from three different TIMSS background questionnaires for each individual student. Student questionnaires provide information on family background, teacher questionnaires on teacher and classroom features and school-principal questionnaires on several school-related measures. Wömann (2003b, Sec. 2.3 and Table 2 ) provides detailed descriptive statistics and discussions on the data on student and family background, resource endowments of the schools, and other schooling policy variables in East Asia. As a rough comparison, Korean students have relatively highly educated backgrounds on average, while students in Thailand and Hong Kong feature relatively lowly educated backgrounds. The smallest class sizes in the country sample are observed in Singapore with an average of about 33 students per class. In Korea and Thailand, average class sizes are as high as 50 students per class. Instruction times in the East Asian countries are substantially higher than in the United States, France and Spain. The fraction of teachers with the equivalent of an MA degree is relatively small in all East Asian countries.
As with any survey data, there are missing data in the background questionnaires. Since dropping all students with missing data on some explanatory variables from the analyses deletes the information available on the other explanatory variables, reduces the sample size, and might introduce 6. See Martin and Kelly (1998) for details of the sampling procedure. 7. See Wömann (2003b, bias if observations are not missing at random, I chose instead to impute missing values within each country for the analyses in this paper. The method used to impute data for missing responses in the TIMSS questionnaires, described in detail in Wömann (2003b, Sec. 2.4) , is based on least-squares, probit and ordered-probit models relating the observations from students with original data to a set of 'fundamental' explanatory variables available for all students.
FAMILIES AND STUDENT PERFORMANCE IN EAST ASIA

The empirical model
To assess the influence of the students' family background on their educational performance in the different East Asian countries, I estimate education production functions for each country of the following form:
where T is the test score of student i in class c in school s, and B is the vector of family background variables. The coefficient vectors a 1 , d 1 and d 2 are to be estimated, and c is a constant. The inclusion of the imputation controls D B and the structure of the error term e are discussed below. The estimation does not control for other school characteristics, such as schools' resource endowments or teaching policies, because in this section I am interested in the total impact of family background on student performance, including any effect that might work through families' differential access to schools or their influence on school policies. In most cases, the qualitative results do not change anyways once the additional controls for school policies of the following sections are introduced. Where they do, the changes in results will be discussed in the text below. As discussed in detail in Wömann (2003b, Sec. 2.4) , some of the data are imputed rather than original. Generally, data imputation introduces measurement error in the explanatory variables, which should make it more difficult to observe statistically significant effects. Still, to make sure that the results are not driven by imputed data, a vector of dummy variables D B is included as controls in the estimation. The vector D B contains one dummy for each variable in the family-background vector B which takes the value of 1 for observations with missing and thus imputed data and 0 for observations with original data. The inclusion of D B as controls in the estimation allows the observations with missing data on each variable to have their own intercepts. The inclusion of the interaction term between imputation dummies and background data, D B B, allows them to also have their own slopes for the respective variable. These imputation controls for every variable with missing values ensure that the results are robust against possible bias arising from data imputation. At the same time, they allow a maximum use of Educational Production in East Asia r Verein für Socialpolitik and Blackwell Publishing Ltd. 2005 information for each variable, because some observations have information on variable X but not on variable Y, and other observations have information on Y but not on X, and dropping all observations with some missing data would disregard the information that both of these observations provide.
Further problems in the econometric estimation equation (1) are that the explanatory variables in this study are measured at different levels, with some of them not varying within classes or schools; that the performance of students within the same school may not be independent from one another; and that the primary sampling unit ( PSU) of the two-stage clustered sampling design in TIMSS was the school, not the individual student. Therefore, clustering-robust linear regression (CRLR) is used to estimate standard errors robust to the within-school clustering of the data (cf. Moulton, 1986) .
Finally, TIMSS used a stratified sampling design within each country, which produced varying sampling probabilities for different students (Martin and Kelly, 1998) . To obtain nationally representative coefficient estimates from the stratified survey data, weighted least squares (WLS) estimation using the sampling probabilities as weights is employed. The WLS estimation ensures that the proportional contribution to the parameter estimates of each stratum in the sample is the same as would have been obtained in a complete census enumeration (DuMouchel and Duncan, 1983; Wooldridge, 2001 ). Table 1 presents the results of an estimation of equation (1) for each of the sample countries. To allow a comparison of the East Asian findings to countries from other regions in the world, all estimations are also executed for the United States, France and Spain, the latter two being major European countries with reasonably complete TIMSS datasets. With respect to students' characteristics, students in the upper grade (eighth grade) perform statistically significantly better than students in the lower grade (seventh grade) in all countries, with the gap being largest in Singapore and smallest in Japan. In Japan, much of the superior performance of older students seems to be captured by students' age rather than grade level, as older students perform significantly better. In Hong Kong, Korea and Singapore, older students perform significantly worse once the grade level is held constant.
Results
In Hong Kong, Japan and Korea, as well as in the advanced economies, girls perform substantially worse than boys. Singapore and Thailand show no such gender difference. 8 In Korea and Thailand, children born in the respective country performed better -although the share of immigrant children is very low in these two countries. But in Hong Kong, children not born in the 8. In interpreting these findings, it should be borne in mind that girls make up two-thirds of the student population at the respective levels in Thailand, while universal enrollment in the other countries makes the student population being evenly split between the two genders. country actually performed better. The observed cross-country pattern of results is likely to be related to the different immigrant populations in the different countries. Students living with both parents perform better in Hong Kong and Korea. 9 Two sets of dummy variables reflect the educational background of the students' families: the highest level achieved by the parents and the number of books in the students' home. In all countries, children from more favorable backgrounds on both measures perform consistently better. The largest performance difference between children of parents with a university degree relative to children of parents without any secondary education are found in Singapore. The same is true when comparing parents who finished university to parents who finished secondary school. The size of the coefficient says that, for example, the performance gap between students of parents with a university degree and students of parents without secondary education in Singapore was 52.7 test-score points -slightly more than half an international standard deviation in TIMSS test scores, and slightly less than the average difference in performance between seventh and eighth grade in Singapore.
Because parental education levels may be slightly differently defined in the different countries, possibly reflecting different years and courses of education, it is illuminating to look at the performance levels of students with different numbers of books at home, which can work as an internationally comparable additional proxy for the educational background of a student's family. Using this measure, the effect is again substantially larger in Korea and Singapore than in Hong Kong and Thailand. This is true irrespective of whether one compares the highest category of books at home to the lowest one, the highest one to some intermediate one, or an intermediate one to the lowest one. On this measure, the impact of family background in Korea is even stronger than in the United States, a country with a school system generally known to produce relatively large performance differences between students from different backgrounds. In Hong Kong and Thailand, the measure points to a smaller impact of family background than the one found in any of the three advanced economies. 10 The statistically significant and quantitatively substantial coefficients on the family-background variables cannot necessarily be interpreted in the sense that, for example, increasing parental education for the whole population in 9. In Japan, there are no data on many of the family-background variables. 10. There is obviously a lot of multicollinearity between the two proxies for the educational background of the families, namely parental education and books at home, which would suggest including both measures individually rather than jointly. The reason why the joint specification is reported here is that the qualitative results remain the same. In a specification without the books controls, the coefficient on parents with university education is 38.6 in Hong Kong, 73.4 in Korea (now even larger than in Singapore), 66.3 in Singapore, and 44.2 in Thailand. Vice versa, in a specification without parental education, the coefficient on more than two bookcases is 30.7 in Hong Kong, 108.6 in Korea, 60.4 in Singapore, and 22.5 in Thailand. All these estimates are statistically significant at the 1% level.
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r Verein für Socialpolitik and Blackwell Publishing Ltd. 2005 the different countries would increase educational performance of the students by the amount estimated. Rather, the coefficient estimates may to some extent reflect heritable ability in that more able parents, who may have obtained more education because of their higher ability levels, have more able children, who then perform better on the performance tests. Heritable ability has been shown to be a likely source of the whole correlation between the quantitative educational attainment of mothers and their children in data on Minnesota twins (Behrman and Rosenzweig, 2002) . However, this was not true for fathers. A further study, which refers to the setting of rural India during the green revolution, gives evidence on a causal impact of increased women's schooling on their children's schooling, working through home teaching (Behrman et al., 1999) . Whatever the sources and channels of transmission may be, the reduced-form results of Table 1 still represent the observed performance gap between children from different family backgrounds in the school systems of the different East Asian countries. Student performance also differs by community location in most of the East Asian countries. In Hong Kong, Korea, Singapore and Thailand, students in schools close to the center of a town perform statistically significantly better than students in schools located in villages or at the outskirts of a town. 11 This rural-urban performance gap is smaller in Korea than in the other three countries, and it is not statistically significant in Japan, France and Spain. Student performance in geographically isolated areas is generally even worse than performance in village or outskirt areas, although except for Thailand, none of the TIMSS samples in the East Asian countries contains a noteworthy share of isolated schools. 12 The explanatory power of the familybackground regressions, as measured by the proportion of the variation in test scores explained by the family-background variables (the R 2 ), ranges from 10.2% in Hong Kong and 11.5% in Thailand to 15.4% in Singapore and 16.9% in Korea (without considering the variation 'explained' by the imputation controls). 13
RESOURCES AND STUDENT PERFORMANCE IN EAST ASIA
Least-squares coefficients on resources and teacher characteristics
The standard procedure to estimate the association between schools' resource endowments and their students' performance is to introduce resources into 11. Statistical significance drops in Singapore and Thailand when the controls of equation (5) are included. 12. The number of schools classified as being located in geographically isolated areas is only 2 in the Hong Kong sample, 1 in Korea, 4 in Japan, and 0 in Singapore. The estimated effect in Hong Kong turns statistically insignificant in the extended model of equation (5). 13. The low R 2 's of the Japanese regressions obviously reflect the fact that most of the familybackground data are missing in Japan.
the previous estimation:
where R is a vector of resource measures such as class size, the availability of instructional materials and teacher characteristics. The imputation controls D R again ensure that results are robust against possible bias arising from missing imputed data. Assuming that the resource-performance relationship is constrained by a pedagogical process, the education production function (2) describes the maximum amount of schooling output in the form of student performance that can be achieved by a given amount of schooling inputs. According to economic theory, someone fully informed about the education production function would allocate a fixed budget across schooling inputs in order to maximize student performance. Under the assumption that the resource endowment is exogenous to student performance -an assumption shown to be wrong in the next section at least in the case of class sizes in most countries -the coefficient vector b 1 estimated in a least-squares regression would reflect the impact of resources on student performance. The coefficient vector on resources obtained by this standard procedure may be substantially biased, however. One potential reason for bias is that the resource endowment may to some extent be endogenous to student performance, for example if weaker students are sorted into smaller classes (cf. West and Wömann, 2003) . Another potential reason for bias is the impact of further omitted variables which, like sorting, could be related to the resource endowment. Table 2 presents the estimated least-squares coefficients on resources, controlling for the family-background variables of Table 1 and the imputation controls. Resource endowment is measured by various variables, beginning with class size. Class size is measured in natural logarithm units because the proportional impact of a one-student reduction in class size is greater the smaller the initial size of the class. Except for Thailand and Korea, the estimated coefficients on log class size are statistically significant and positive in the East Asian countries; that is, higher test scores are counterintuitively related to larger classes.
In terms of endowment with instructional materials and instruction time, there is some evidence that students whose school principal reported no shortage of materials perform statistically significantly better in some of the East Asian countries than students whose principal reported some shortages. However, students whose principal reported a lot of shortage do not perform statistically significantly worse, and in Japan they even perform statistically significantly better (although the statistical significance vanishes when the institutional effects of the next section are controlled for). Given that this measure is based on subjective assessments of headmasters, it may to some extent suffer from assessments of shortages that are endogenous to observed student performance. As concerns instruction time, only in Thailand the length of instruction significantly increases student performance. With respect to teacher characteristics, students of female teachers performed statistically significantly worse than students of male teachers in Japan. Teacher experience, measured in logs so as to allow for decreasing returns to experience, is statistically significantly positively related to student performance in Singapore and Thailand; in Korea, there is a statistically significant negative relation. The teachers' educational level also does not seem to be strongly related to student performance. In Thailand, students of teachers with the equivalent of a BA degree actually performed statistically significantly lower than students of teachers with less education than a BA, while the residual categories that drive the other statistically significant coefficients are made up of a maximum of two teachers. 14 In conclusion, there is basically not much of a positive association between student performance and additional units of the measured resource variables. These findings mirror prior research that found no strong or systematic relationship between larger resource endowments and student performance in the United States and in several developing countries (Hanushek, 1995 (Hanushek, , 2002 Hanushek and Luque, 2003) . Note also that the increase in explained proportion of the test-score variation (R 2 ) relative to the family-background regressions of Table 1 is minimal in most cases, and where it is not, this is nearly exclusively driven by the counterintuitive correlation between student performance and class size.
School-fixed-effects instrumental-variables (IV) estimates of class-size effects
Problems of endogeneity bias may be particularly large in case of the resource variables R in equation (2). The quantitative estimates of the resource effects will be biased if the resources spent on students are determined by student performance T; that is, if additional schooling resources are systematically allocated either to above-average performing students or to below-average performing students. The estimates of resource effects would also pick up the correlation between student performance and any omitted variable that is correlated with resource endowment. In both cases, unbiased econometric estimates can only result if the endogenous nature of schooling resources is properly accounted for (Hoxby, 2000) .
In the case of the estimated coefficients on class size, I can exploit specific characteristics of the TIMSS data in a quasi-experimental estimation design in order to obtain unbiased estimates of the effects of class size on student performance. Akerhielm (1995) suggests to instrument the actual class size C cs (one vector in the resource matrix R cs of equation (2)) by the average class size in the school A s in a two-stage least-squares (2SLS) estimation to control for 14. The positive coefficient on the MA/PhD dummy gets larger and marginally statistically significant once the institutional controls of the next section are included in the model.
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where X ics includes the family-background measures and the imputation controls. The second stage then employsĈ cs ¼ C cs À m ics instead of C cs in lieu of R cs in the estimation of equation (2) in a standard 2SLS specification. This specification eliminates any bias in the estimated class-size effects that would result from within-school sorting of low-performing students, at a given grade level, to smaller classes. However, these IV estimates may still be biased by between-school sorting effects. If parents tend to send low-performing children to schools with smaller classes, the estimated resource effect would again be biased downward. But it could also go the other way if parents tend to send highperforming children to schools with smaller classes. Between-school sorting might also be relevant if students are tracked into different schools according to their ability, as is the case in Singapore (Robitaille, 1997) .
To exclude any effects of either within-or between-school sorting from the estimates of class-size effects, Wömann and West (2005) suggest an identification strategy specifically designed to exploit the multi-grade nature of the TIMSS database. They combine the aforementioned IV strategy with a schoolfixed-effects estimation which disregards any between-school variation, as this may reflect between-school sorting effects. The combined school-fixedeffects instrumental-variables (SFE-IV) estimation then is:
estimated by 2SLS, where S s is a complete set of school dummies andĈ cs is again the result of a first-stage regression that instruments actual class size by 15. Akerhielm (1995) also uses the overall grade-level enrollment of a school as a second instrument in addition to average class size. However, this may be a false instrument as there might be a direct relationship between overall enrollment and student performance that is unrelated to differences in class size (Angrist and Lavy, 1999) . Moreover, none of the coefficients on enrollment in Akerhielm's first-stage regressions are statistically significant, suggesting that it is anyway not a good instrument. 16. See Wömann and West (2005) for a more detailed discussion of the validity of the instrument.
grade-average class size and all other exogenous variables as in equation (3). 17 Because equation (4) includes school fixed effects, and because every class size in a given grade is instrumented by the same average class size, this SFE-IV strategy requires comparable information on student performance from more than one grade level in each school. This is exactly the structure of the TIMSS data.
The grade-level dummy included in the background measures B controls for the average difference in performance between students from the two adjacent grades. Therefore, the remaining performance difference between students from the different grades is idiosyncratic to each school. Equation (4) relates this idiosyncratic variation in student performance to that part of the actual class-size difference between the two grades that is due to differences in average class size. Thereby, the SFE-IV identification strategy effectively excludes both between-school and within-school sources of student sorting: between-school sorting is eliminated by controlling for school fixed effects; within-school sorting is filtered out by instrumenting actual class sizes by grade-average class size. Arguably, the remaining variation in class size between classes at different grades of a school is caused by random fluctuations in cohort sizes between the two adjacent grades in each school, presumably reflecting natural fluctuations in student enrollment. The coefficient estimate b 2 can thus be interpreted as an unbiased estimate of the causal impact of class size on student performance. 18 Table 3 reports the coefficient estimates on class size obtained by implementing the different identification strategies for the East Asian countries. The first row presents the standard weighted least-squares (LS) estimates, where the slight differences to the coefficients reported in Table 2 stem from the exclusion of the other resource variables. 19 The second row reports results of the straight IV regression without controlling for school fixed effects, which should exclude biases due to within-school sorting but not due to between-school sorting. The third row reports results of a leastsquares regression that does not instrument for class size but includes the 17. The imputation dummies D C for the class-size variable used in this section equal 1 if either the observation on actual class size or the observation on grade-average class size (the instrument) is imputed. In the IV and SFE-IV regressions, in addition to instrumenting class size, the interaction term D C C between the imputation dummy and actual class size is also instrumented, using an interaction term D C A between the imputation dummy and gradeaverage class size as an additional instrument. 18. As there is no comparable quasi-experimental identification strategy for the other resource measures, these are not included in equations (3) and (4). Therefore, the resulting coefficient estimates on class size should be interpreted as the effect on student performance of class size and any other resource with which class size may be associated. 19. To be able to implement the school-fixed-effects strategy, I also had to exclude one school from the Hong Kong sample and one from the Thai sample which tested only classes at one of the two grade levels. In the United States, France and Spain, this exclusion rate was slightly larger. whole set of school fixed effects (SFE), which excludes any effects of betweenschool sorting but might still be biased by within-school sorting effects. And finally, the fourth row reports results of the combined SFE-IV identification strategy that excludes both between-and within-school sorting effects. The SFE-IV estimation is extremely demanding in terms of data requirements, because the variation on which it is based excludes both any betweenschool variation and any within-grade variation within schools. If the remaining within-school between-grade variation is low, this will be reflected in imprecise estimates of the class-size coefficient estimated by the SFE-IV strategy (cf. Wömann and West, 2005) . This is the case in Hong Kong and Thailand, where the standard errors of the SFE-IV estimates are too large to make any confident statement about the existence or magnitude of class-size effects in these countries. By contrast, in Japan and Singapore the SFE-IV estimates are very precise, with standard errors between 20.8 and 29.2. These standard errors are so small that if a 10% reduction in class size were to change TIMSS test scores by just 4 to 6 test-score points or 4% to 6% of an international standard deviation, the change would be statistically significant at the 5% level. 20 In other words, the random variations in class size identified by the SFE-IV strategy have considerable power to detect class-size effects in these two countries.
The SFE-IV estimates of causal class-size effects are statistically indistinguishable from zero in Japan and Singapore. Given the precision of their estimation, they are equivalent to what Hoxby (2000 Hoxby ( , p. 1280 calls 'rather precisely estimated zeros'. These results suggest that there is no causal effect of class size on student performance in Japan and Singapore. By contrast, the SFE-IV estimate for France is marginally statistically significant (at the 15% level) and negative, suggesting a potential beneficial effect of reduced class sizes there.
The strong prevalence of statistically significant positive estimates of the coefficient on class size in least-squares estimations in East Asian countries is clearly linked to the sorting of students of different ability levels into differently sized classes. 21 Once the estimation is based on credibly exogenous variations in class size in the SFE-IV estimation, no statistically significant effect of class size on student performance is found in the East Asian countries. While the existence of any sizable causal effect of class size on student performance can be rejected in Japan and Singapore, no confident evaluation is possible in the other three countries due to the imprecision of the SFE-IV estimation in these countries. 20 . With a standard error of 20 [30] and the standard asymptotic t-value of 1.96 for a 5% confidence level, the threshold point for a test-score change ensuing from a 10% reduction in class size (equivalent to a change of 0.10 in log class size) to be statistically significant would be 0.10*20*1.96 ffi 4 [0.10*30*1.96 ffi 6]. 21. See Wömann (2003b, Sec. 4 .3) for a discussion of implications of these findings for the sorting of students into differently sized classes in the different countries. 
INSTITUTIONS AND STUDENT PERFORMANCE IN EAST ASIA
The lack of consistent evidence that resource endowments matter for student performance suggests that resources are inefficiently used in the school systems analyzed. In other countries, such inefficiencies have been related to the lack of suitable performance incentives in the school system (e.g. Hanushek et al., 1994) . This opens the possibility for other schooling policies that focus on institutions rather than on resources to affect student performance. Theoretical work suggests that the institutional structure of the school system generates the incentives that drive actors' behavior in educational production and thus the performance achieved (cf., e.g., Bishop and Wömann, 2004) . Because institutional features generally do not vary substantially within school systems, but rather across countries, empirically the institutional effects should be mainly an issue in cross-country rather than within-country research. Wömann (2002 Wömann ( , 2003a shows that many schooling institutions are strongly linked to the cross-country variation in student performance. The TIMSS background data reveal that some institutional features do also vary within some of the East Asian systems. Particularly, there is some limited variation in schools' autonomy in salary decisions, homework policies and parental involvement in the education process. This section analyzes whether these within-country differences in institutional schooling policies add to an understanding of the within-country differences in student performance in East Asia.
To the extent that institutional features of school systems are exogenous to student performance, institutional effects can be estimated by adding the vector of institutional measures I as explanatory variables to the education production function of equation (2): 
D I is again a set of imputation dummies to control for possible effects of the data imputation. The estimation keeps controlling for all family background and resource variables of Tables 1 and 2, as well as for their respective imputation controls. 22 The coefficient estimates on the institutional variables are reported in Table 4 . Students in schools that had autonomy in determining their teachers' salaries performed statistically significantly better than students in schools without salary autonomy in Japan and Singapore. In these countries, 22 . Excluding the resource variables and their imputation controls, because their estimates may be biased by sorting, does not make any qualitative difference for the estimated coefficients on the institutional variables. school autonomy in determining teacher salaries seems to affect students' educational performance positively. 23 The amount of homework assigned by the teacher is statistically significantly positively related to performance in Japan and Singapore. Thus, to the extent that teachers' homework assignments can be viewed as exogenous to student achievement, they seem to favorably affect math achievement in the East Asian countries, with the exception of Thailand. The estimates on homework assignments should be interpreted with care, however, as they may be particularly prone to endogeneity and omitted-variable biases.
In Hong Kong, students whose teachers reported that their teaching was limited by parents uninterested in students' progress performed statistically significantly worse than students whose teachers did not report such limitations. Interestingly, students whose teachers reported that their teaching was limited by interested parents performed statistically significantly better than students whose teachers did not report such limitations. Apparently, even though teachers judged the interventions of interested parents as limiting their teaching, this 'limitation' was positively related to the performance of their students -a result similarly found in the United States. No comparable results are found in the other East Asian countries. 24
CONCLUSIONS
Given the pivotal role of students' educational performance for the future economic prospects of societies, the empirical results of education production functions estimated for the five high-performing East Asian countries in this paper may reveal interesting aspects for educational and social policies in the region as well as in other, lower-performing countries. For the East Asian countries, the evidence for the first time estimates the impact of family background and schooling policies in the different school systems.
Although the fact that all East Asian countries performed extraordinarily well in international comparisons of student performance seems to suggest that they are very homogenous, the evidence presented in this paper reveals that their school systems actually feature a lot of heterogeneity. For example, family background is a much stronger predictor of children's educational performance in Korea and Singapore than in Hong Kong and Thailand, both in terms of estimated effect sizes and explanatory power. If providing more equal opportunities for successful learning independent of parental education and social status is a goal of education systems, the different size of family-background effects across countries reveals that the different school systems achieve this goal to a different extent.
23. The lack of such an effect in Korea may be attributable to the fact that much of the monetary rewards of teachers in Korea come directly from parents (cf. Paik, 2001) . 24. The large negative coefficient on interested parents in Japan is due to only two teachers reporting limitations by interested parents.
The high educational performance of East Asian countries also suggests that their school systems are highly efficient. While this is true in the sense of a cross-country comparison between East Asian countries and countries from other parts of the world, the internal efficiency of the East Asian school systems is less clear. The evidence presented in this paper reveals that resource endowments and especially class sizes do not seem to be strongly related to students' achievement. As in many other countries in the world, East Asian schools that have smaller classes do not seem to make efficient use of them. This cross-sectional finding mirrors the time-series evidence of Gundlach and Wömann (2001) that increased spending and reduced class sizes did not lead to substantially better performance over time in the analyzed East Asian school systems.
With respect to other, more institutional schooling policies, giving schools autonomy in salary decisions might strengthen educational performance, especially in Japan and Singapore. Given that performance standards are centrally set and examined in all the East Asian systems considered, additional autonomy might allow schools to find the best ways of how to achieve these standards. Additional focus on homework policies, which allow students to practice their knowledge at home, might also be a worthwhile policy option in Japan and Singapore. In Hong Kong, increased parental involvement in the teaching process promises superior student performance. The extent to which the conclusions of this paper also apply for other subjects and skills than middle-school mastery of math (and science, as reported in Wömann, 2003b) remains an open task for future research.
